Background. Metabolic Syndrome (MetS) is common in Chronic Obstructive Pulmonary Disease (COPD) patients but their association is still an unsettled issue. The aim of this study was to determine the association of MetS with the severity of airflow obstruction.
INTRODUCTION
Chronic Obstructive Pulmonary Disease (COPD) is the fourth leading cause of death in the world. 1 It coexists with other diseases that may have a significant impact on prognosis. Among these disease entities is the Metabolic Syndrome (MetS), a clustering of metabolic abnormalities that occur in the same individual which appear to confer a substantial additional cardiovascular risk over and above the sum of the risk associated with each abnormality. Studies have shown that the presence of MetS is more frequent in COPD than in those with normal lung function, two common entities that share common inflammatory pathway.
2,3
MetS is found to be twice more common in COPD when compared to the general population with prevalence ranging from 25.6 to 60.9%. 4 MetS has been evaluated as a risk factor for chronic lung diseases. The exact nature of the relationship between MetS and lung function impairment remains unknown, and therefore, deserves further investigation. 5 How people with COPD develop MetS remains unclear, but it has been postulated that its pathogenesis is multifactorial. 6, 7 There are several risk factors such as smoking, genetics, obesity, physical inactivity, and airflow limitation that link the pathogenic mechanism between these two. Among these factors, smoking has the strongest association. The potential mechanism responsible for the development of MetS and COPD in a smoker is primarily due to systemic inflammatory response. 4 Hence, systemic inflammation is considered a hallmark of both MetS and COPD. The existing interaction among the pro-inflammatory proteins released from both pulmonary and adipose tissues and the systemic compartment play a vital role in the development of these two diseases.
Evidences also show the influence of each component risk factor of MetS in patients with COPD. Obesity, the most studied in terms of linking to certain respiratory disorders, decreases expiratory reserve volume and functional residual capacity. 1, 6 Among COPD patients, the prevalence of dyslipidemia and diabetes mellitus was found to be 48.3% and 3-12%, respectively. 4, 8 The latter is even higher in more severe stages of the disease which could be related to the inflammatory process or due to the therapeutic side effect with the use of corticosteroids. 9, 10 In patients with COPD, 31% to 33% are also hypertensive. 11 In the Philippines, data from the Department of Health show that COPD ranks seventh among the leading causes of mortality. 12 Overall, there are 17.3 million Filipinos who currently smoke tobacco. 13 The prevalence of COPD is higher in men than in women and increases steadily with age from 40 years to more than 70 years.
14 MetS is also common among Filipinos and low highdensity lipoprotein (HDL) is the most common component. The prevalence of MetS in the Philippines is found to be 18.6% by the National Cholesterol Education Program/ Adult Treatment Panel III criteria modified by the American Heart Association/National Heart, Lung and Blood Institute (NCEP/ATP III-AHA/NHLBI) criteria. MetS has been shown to be associated with atherosclerotic cardiovascular disease, stroke, and diabetes mellitus. 15 There is no data that describes the association of MetS with the severity of airflow obstruction among Filipinos with COPD since it is likely that these two entities and their relationship vary from population to population. 16 Because these two diseases are affecting more Filipinos, we need more data for public health intervention.
Among patients with COPD, it is important to identify patients who have MetS early in their course so that early lifestyle intervention and treatment may be initiated. The morbidity 17 and mortality 18 associated with the development of MetS among patients with COPD further intensify the burden of the disease. This study aims to increase awareness among other physicians of the high burden of MetS among COPD patients in our country. This study also hopes to establish the basis for screening MetS among COPD patients. Screening will identify additional MetS cases, facilitating early detection that may help improve COPD treatment outcomes.
The aim of the present study was to determine the association of MetS with the severity of airflow obstruction among patients with COPD in a tertiary government institution, and to determine significant factors associated with MetS in these patients.
METhODOLOgy Eligibility criteria
This was a cross-sectional analytic study which included patients aged 40 years old and above diagnosed with COPD using spirometry attending the Pulmonary Medicine outpatient clinic of the University of the Philippines -Philippine General Hospital (UP -PGH), a tertiary government hospital in Manila, Philippines. Patients who were clinically diagnosed with COPD seeking consult for the first time were confirmed by undergoing spirometry. Once eligible, patients were recruited by the investigator to participate in the study.
Those who had an acute exacerbation, i.e., increase in cough, sputum production, worsening dyspnea, or sputum purulence within three weeks, 2 and those with asthma or history of asthma were excluded. In addition, those having any active infectious diseases such as pulmonary tuberculosis either clinically diagnosed or bacteriologically confirmed, inflammatory diseases such as collagen vascular diseases, inflammatory bowel disease that could cause an increase in C-reactive protein (CRP) levels, and those with malignancy were also excluded from the study.
Using NCSS-PASS 12 (Power Analysis and Sample Size) software, the minimum sample size requirement was at least 157 participants based on the logistic regression power analysis of 95%, odds ratio of 1.993, and 5% alpha error.
The study was approved by the University of the Philippines Manila Research Ethics Board and all patients signed an informed consent.
Diagnosis of COPD
The diagnosis of COPD was made according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2015 criteria. 2 A clinical diagnosis of COPD was consistent in any patient who had dyspnea, chronic cough or sputum production, and a history of exposure to risk factors for this disease.
Spirometry was required to make the diagnosis in this clinical context. The presence of a post-bronchodilator FEV 1 /FVC <0.70 (forced expiratory volume at 1 second/ forced vital capacity) confirmed the presence of persistent airflow limitation, thus of COPD.
Severity of airflow obstruction was defined analogously to the GOLD guidelines 2 which are as follows: GOLD I or mild airflow obstruction: FEV 1 ≥80 % predicted; GOLD II or moderate airflow obstruction: 50% ≤ FEV 1 <80% predicted; GOLD III or severe airflow obstruction: 30% ≤ FEV 1 <50% predicted; and GOLD IV or very severe airflow obstruction:
Diagnosis of metabolic syndrome
MetS was diagnosed by two well-recognized criteria: the NCEP/ATP III-AHA/NHLBI and the International Diabetes Federation (IDF).
Using the NCEP/ATP-AHA/NHLBI criteria, 19 three out of the five individual risk components fulfilled MetS. They are as follows: elevated waist circumference defined as ≥90 cm in men or ≥80 cm in women; elevated triglycerides defined as ≥1.7 mmol/L or on drug treatment for elevated triglycerides; decreased HDL-C defined as <1.03 mmol/L in men or <1.29 mmol/L in women or on drug treatment for reduced HDL-C; elevated BP defined as >130/85 mmHg or on anti-hypertensive drug treatment in a patient with a history of hypertension; and, elevated FBS defined as ≥5.6 mmol/L or on drug treatment for elevated glucose.
Using the IDF criteria, 20 central obesity defined by waist circumference with ethnicity specific values: ≥90 cm for males and ≥80 cm for females is required for the diagnosis of MetS and two of the four factors previously mentioned. The four factors are the same as the above parameters for elevated triglycerides, decreased HDL-C, elevated FBS except for elevated BP which has higher cut-off value: systolic BP ≥140 mmHg or diastolic BP ≥ 85 mmHg or on treatment of previously diagnosed hypertension. If body mass index (BMI) is >30 kg/m 2 , central obesity can be assumed and waist circumference does not need to be measured.
Outcome measurements
After recruitment, participants' medical history, demographic data, and lifestyle-related characteristics were obtained through interviews. On the same visit, participants underwent anthropometric measurements and laboratory testing.
We defined individuals as never smokers (those who never smoked or who smoked fewer than 100 cigarettes in their lifetime), former smokers (those who smoked at least 100 cigarettes in their entire life but were not currently smoking at the time of interview), or current smokers (those who smoked at least 100 cigarettes in their entire life and are still smoking). Pack-years (packs of cigarettes per day multiplied by smoking years) was used as the smoking index. 21 Alcohol intake was likewise probed. Exercise was determined by patient's self-reporting. Other variables that were collected in the study were COPD-related symptoms, time since diagnosis (in years), and intake of steroids as part of their COPD pharmacotherapy.
Anthropometric measurements such as height in centimeters (cm) and weight in kilograms (kg) were measured after removal of shoes using a wall-mounted stadiometer and a weighing scale, respectively. Waist circumference was measured at the end of normal expiration, midpoint between the top of the iliac crest and the lower margin of the last palpable rib in the mid-axillary line. Hip circumference was measured at the largest circumference of the buttocks. 19, 22 Waist-tohip circumference ratio was also determined. BMI was calculated as weight in kilograms divided by the height in meters squared (kg/m 2 ). Analyses of BMI was conducted using WHO-defined BMI categories for public health action in Asians: acceptable risk or normal weight (18.5 to <23.0 kg/m 2 ), increased risk or overweight (23.0 to <27.5 kg/ m 2 ), and higher high risk or obese (≥27.5 kg/m 2 ). 23 An average BP in mmHg was calculated from two measurements with the subjects in a sitting position after five minutes of rest.
After an overnight fast, five milliliters of venous blood were collected from each patient for measurement of serum levels of total cholesterol, triglycerides, HDL-C, lowdensity lipoprotein cholesterol (LDL-C) and fasting glucose (FBS). Collected specimens were brought immediately to the laboratory, where they were centrifuged and analyzed.
Patients who were diagnosed with MetS were referred back to their respective attending physicians for counseling, lifestyle intervention, health promotion, and were given necessary treatment based on the current guidelines.
Data analysis
Continuous variables were presented using means and standard deviations (SD) for normally distributed data and median and interquartile range (IQR) for nonnormally distributed data, while categorical variables were presented as frequencies and percentages. Normality of distribution for continuous variables was tested using the Shapiro-Wilks test. Student's T test and Wilcoxon tank sum test were used to compare continuous variables between two groups with normal and non-normal distribution, respectively. Chi-square test was used to compare categorical variables. Prior to variable selection, tests for collinearity, confounding, and interaction were performed. Multicollinearity was assumed if the variable inflation factor was >10. Confounding was considered if the change in odds ratio in the crude and adjusted logistic model was >10%. After checking for interaction, no variables were identified to significantly modify the relationship of COPD and MetS. During the univariate analysis, variables found to be significant at p-value <0.2 were entered into an exploratory multivariate logistic regression model.
After the univariate analysis, variables that were included in the variable selection included age, age at diagnosis of COPD, duration of COPD, use of inhaled steroids, smoking duration, classification of smoking, number of pack years, exercise, BMI, waist-hip ratio, and GOLD classification. Multivariate logistic regression was then performed to examine the factors associated with MetS in patients with COPD. Independent predictors of MetS were identified using the hierarchical method of variable selection. The significant variables (p<0.05) after hierarchical stepwise elimination formed the final predictive model. Statistical analyses were performed using STATA 13.
RESULTS
We recruited 157 participants from August 2017 to April 2018. The demographic, anthropometric, clinical and biochemical, and lifestyle-related characteristics of the study population are summarized in Table 1 . Majority of the participants were males (80.89%). Mean (SD) age was 64.3 (9.47) years. Based on the BMI categories for Asians, most of the patients had normal weight. A larger number of patients with COPD were on steroid treatment (68.15%), previous smokers (80.89%), and alcohol drinkers (82.17%). The median number of pack-years was 34 years while the median number of smoking duration was 30 years. Mean forced expiratory volume at 1 second (FEV1) of the study patients was 0.78. Most subjects recruited were classified as COPD GOLD I (45.22%). 36 (23%) had elevated waist circumference, 30 (19%) had elevated triglycerides, 57 (36%) had reduced HDL-C, 72 (46%) were hypertensive, and 62 (39%) had elevated FBS. Table 2 shows the differences in the characteristics of patients with and without MetS. Significant characteristics of patients associated with MetS were seen in relation to smoking history, smoking duration, steroid use, exercise and number of pack-years. Most patients with MetS were previous smokers. Of those with MetS, only six patients were still smoking at the time of recruitment while two were never smokers. Majority of patients who were never In the multivariate logistic analysis shown in Table 5 , MetS was not associated with increasing severity of airflow obstruction in COPD patients. However, other factors significantly associated with MetS in patients with COPD were inhaled steroid use, BMI, number of pack-years, and GOLD II. For every 1 unit increase in BMI, there is a 31% increase in the odds of having MetS. Similarly, for every 1 additional pack year incurred, there is a 3% increase in the odds of having MetS. Those who used inhaled steroid as part of their COPD pharmacotherapy have threefold likelihood of having MetS. Also, among the GOLD classification, patients classified as GOLD II were three times more likely to have MetS.
DISCUSSION
The results of our study showed that MetS was not associated with the severity of airflow obstruction. However, we found that certain components of MetS were associated with the severity of airflow obstruction and that the prevalence of MetS in COPD was higher than in the general population. 4 smokers were females. Most of them had occupationalrelated COPD such as concrete-manufacturing workers, street vendors and coal-miners while others were secondhand smokers. Among those who were on steroid treatment, all were on maintenance inhaled steroids. Among the individual risk components of MetS, elevated BP was shown to be significantly associated with airflow obstruction across all GOLD classification. On the other hand, elevated FBS was significantly associated with very severe airflow obstruction or GOLD IV. Also, the rate of MetS among patients with COPD in the present study was 40.13% using the NCEP/ATP III-AHA/NHLBI.
Two previous reports showed that MetS was associated with impaired lung function but this relationship was only significant with restrictive lung impairment and not airflow obstruction. 24, 25 However, in the present analysis, certain components of MetS were significantly associated with airflow obstruction. We found out that among these components, increased BP was the main effect linked with airflow obstruction. This resonates with reports of previous studies in various settings. Marquis et al., 26 reported that among MetS components, high BP, in addition to abdominal obesity, were more frequent in COPD men. Recent analysis of data from 20,296 subjects which included 11,258 men and 9,038 women aged ≥45 years in two large combined cohort studies showed that subjects with GOLD stage III or IV had a higher prevalence of hypertension. 3 The INDACO project in Italy, a pilot study on the incidence of comorbidities in COPD patients referred to pneumology units, showed a 52.1% prevalence rate of hypertension among COPD patients. 11 Watz et al., 27 in their study, also showed that hypertension was highly prevalent across all groups of COPD patients. A recent systematic review even showed that the most prevalent component of MetS in COPD was hypertension. 28 The pathological mechanisms responsible for hypertension in COPD are hypoxiarelated vasoconstriction, free radical injury, endothelial dysfunction, and arterial stiffness. 4 Control of hypertension in COPD subjects can decrease cardiovascular-related mortality. 29 Note that these were observational studies comparing severity of airflow obstruction with normal lung function. We found no studies comparing severity of airflow obstruction using GOLD 1 as reference standard.
In contrast with our results, Lam et al., 30 detected no association between airflow obstruction and increased BP. They found that among the five components of MetS, only central obesity was significantly associated with airflow obstruction.
We also found out that increased FBS was associated with very severe airflow obstruction. The prevalence of hyperglycemia in COPD is approximately about 3-12%. Systemic inflammation and steroid use could be important contributory factors responsible for both COPD and hyperglycemia. 4 Similarly, Mannino et al., 3 also found out that COPD patients with severe and very severe airflow obstruction had a higher prevalence of diabetes (OR 1.5, 95% CI 1.1-1.9).
Across several studies on various countries, the frequency of MetS was highest in COPD GOLD II. 27, 31, 32 This could be due to a relatively higher influence of lifestyle on the body composition and metabolic health in the earlier stages of COPD in comparison to the COPD-induced triggers on wasting process in the more severe stages. 28 Moreover, in most of these studies, the most number of patients recruited were classified as GOLD II. This could also explain the higher prevalence of MetS in those with early stages of COPD. This was also true with our results that the frequency of MetS was significantly highest in COPD GOLD II. This was supported by the previous studies mentioned earlier.
Indeed, the prevalence of MetS in COPD is highly variable among studies. This is dependent on the criteria being used to diagnose MetS, the study inclusion criteria and the country or ethnicity being studied. 32 Several pathogenic mechanisms have been proposed which tried to establish the link between MetS and COPD, however, these are still poorly understood. These mechanisms include common pathophysiological mechanisms such as systemic inflammation, adipose tissue inflammation, physical inactivity, hypogonadism and the effect of steroids. 6, 33, 34 It is notable that MetS was significantly higher using the NCEP/ATP-AHA/NHLBI criteria in comparison with IDF. This is consistent with the study of Morales et al., 15 that among the different criteria of MetS, the NCEP/ATP-AHA/ NHLBI criteria was able to detect most number of MetS compared with other diagnostic criteria. Moreover, the present NCEP/ATP-AHA/NHLBI statement, in contrast to IDF, maintains the previous ATP III criteria established Smoking is an established risk factor for COPD and has been associated with increased MetS prevalence and increased cardiovascular disease risk. 35 Given that this has been suggested as one of the major causes of systemic inflammation in association with COPD and MetS, the higher frequency of smokers in our sample may have contributed to the higher frequency of MetS. This is further supported by a population-based survey conducted in nine Asia-Pacific territories which revealed that among Filipinos with COPD, more than half were smokers.
36 Current statistics also indicate that nearly 30% of adult Filipinos smoke making COPD the seventh cause of mortality in our local setting. 37 The potential mechanism responsible for development of COPD and the MetS in a smoker is primarily due to systemic inflammatory response. 4 Lastly, among the factors associated with MetS and COPD, we found out that BMI, number of pack-years, inhaled steroid use, and GOLD II were significant factors associated with MetS in COPD patients. Steuten et al., 38 conducted a study to look at the association of severity of COPD and BMI and found out that COPD severity is affected by increasing BMI. A recently published study from Italy showed a statistical correlation among packyears and the development of MetS. 39 There is a positive dose-response relationship between the daily number of cigarettes smoked and the duration of smoking and the risk of MetS. Even former smokers are at increased risk for the development of Mets because the risk has been shown to even persist for up to 20 years after smoking cessation. 40, 41 Additionally, MetS is substantial in early stages of COPD such as GOLD I and GOLD II.
42
The metabolic effects of systemic glucocorticoid therapy are well known affecting various parameters of the MetS. 4 In comparison with the oral or parenteral routes, inhaled corticosteroids (ICS) are known to produce relatively less systemic adverse effects. 43 All participants in our study who were on steroid therapy were using ICS. Our findings showed that those who were treated with ICS were three times more likely to have MetS. Though the systemic bioavailability of ICS is claimed to be minimal, a significant proportion of ICS can still reach the systemic circulation especially at high doses. In addition, the effects of ICS on the circulation is also dependent on the daily dosage as well as its pharmacodynamic and pharmacokinetic properties. 43 This could potentially explain the relationship of ICS and MetS in our study as we did not explore further the dosages of the ICS our study participants were taking.
The current analysis has few limitations. First, this study was a cross-sectional study which made it difficult to adequately describe the causal relationships of detected associations. Second, since systemic inflammatory response is a potential mechanism linking Mets and COPD, this study did not measure any marker of inflammation such as CRP, fibrinogen, interleukin-6, etc. Prospective longitudinal studies are needed for better understanding of the temporal relationship between MetS components and systemic inflammatory profile in patients with COPD among Filipinos. Third, we did not gather data on dietary intake as a possible confounder or effect modifier of the association of MetS and severity of airflow obstruction in patients with COPD. Lastly, we were not able to explore the dosages of ICS used by the participants as this may ascertain the potential association of ICS treatment and MetS in our study.
CONCLUSION
In conclusion, our results showed that MetS was not associated with the severity of airflow obstruction. However, certain components of MetS such as elevated BP and elevated FBS were associated with the severity of airflow obstruction with the latter linked to very severe airflow obstruction or GOLD IV. Factors that were significantly associated with MetS among patients with COPD were BMI, use of inhaled steroids, and number of pack-years. COPD patients with moderate airflow obstruction were also three times more likely to have MetS. We recommend screening for MetS with early stages of COPD.
